This study develops an inventory model for determining an optimal ordering policy for non-deteriorating items and time-dependent holding cost with delayed payments permitted by the supplier under inflation and time-discounting. The discounted cash flows approach is applied to study the problem analysis. Mathematical models have been derived under two different situations i.e. case I: The permissible delay period is less than cycle time for settling the account, and case II: The permissible delay period is greater than or equal to cycle time for settling the account. An algorithm is used to obtain minimum total present value of the costs over the time horizon H. Finally, numerical example and sensitivity analysis demonstrate the applicability of the proposed model. The main purpose of this paper is to investigate the optimal cycle time and optimal payment time for an item so that annual total relevant cost is minimized.
INTRODUCTION
In traditional economical ordering quantity (EOQ) model, it is assumed that retailer must pay for the items as soon as the items are received. However, in practice, the supplier may offer the retailer a delay period in paying for the amount of purchasing cost. To motivate faster payment, stimulate more sales or reduce credit expanses, the supplier also often provides its customers a cash discount. The permissible delay is an important source of financing for intermediate purchasers of goods and services. The permissible delay in payments reduces the buyer's cost of holding stock, because it reduces the cost per unit time. Hou and Lin [10] considered an ordering policy with a cost minimizing procedure for deteriorating items under trade credit and time-discounting. Several other researchers have extended their approach to various interesting situations by considering the time-value of money, different inflation rates for the internal and external costs, finite replenishment rate, shortage etc. The models of Van Hees and Monhemius [24] , Aggarwal [1] , Bierman and Thomas [3] , Sarker and Pan [19] etc. are worth mentioning in this direction. Brahmbhatt [4] developed an EOQ model under a variable inflation rate and marked-up prices. Gupta and Vart [8] developed a multi-item inventory model for a resource constant system under variable inflation rate. Chung [7] developed a model inventory control and trade credit revisited. Jaggi and Aggarwal [13] developed a model credit financing in economic ordering policies of deteriorating items by using discounted cash-flows (DCF) approach. Chen and Kang [6] discussed integrated vendor-buyer cooperative inventory models with variant permissible delay in payments.
For generality, this study develops an inventory model for non-deteriorating items under permissible delay in payments in which holding cost is a function of time. The discounted cash flows approach is also consider to build-up the model. We then establish algorithm to find the optimal order cycle, optimal order quantity, optimal total present value of the cost over the time-horizon H. Also, we provide numerical example and sensitivity analysis as illustrations of the theoretical results.
The rest of this paper is organized as follows. In section 2, we describe the notation and assumptions used throughout this study. In section 3, the model is mathematically formulated. In section 4, an algorithm is given for finding optimal solution. Numerical example is provided in section 5, followed by sensitivity analysis in section 6 to illustrate the features of the theoretical results. Finally, we draw the conclusions and the idea of future research in the last section 7. : The present value of the interest earned over the time horizon H E 3 : The present value of the total interest earned over the time horizon H In addition, the following assumptions are being made: (1) The demand rate D is constant and downward sloping function. (2) Shortages are not allowed.
NOTATIONS AND ASSUMPTIONS
Lead time is zero. (4) The net discount rate of inflation is constant. (5) The holding cost h is time-dependent i.e. h = h (t) = a + bt, a > 0, and 0 < b > 1.
MATHEMATICAL FORMULATION
The inventory level I(t) at any time t is depleted by the effect of demand only. Thus the variation of I(t) with respect to 't' is governed by the following differential equation:
The present value of the total replenishment costs is given by: 
The present value of the total purchasing costs is given by
The present value of the total holding costs over the time horizon H is given by 
Thus, the present value of the total interest payable over the time horizon H is { } 
The present value of the interest earned during the first replenishment cycle is
Therefore, the present value of the interest earned over the time horizon H is
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Thus, the total present value of the costs over the time horizon H is
In this case, the interest earned in the first cycle is the interest during the time period (0, H/n) plus the interest earned from the cash invested during the time period (T, m) after the inventory is exhausted at time T and it is given by 
and the present value of the total interest earned over the time horizon H is 
Therefore, the total present value of the costs is given by
From equations (9) and (12), it is difficult to obtain the optimal solution in explicit form. Therefore, the model will be solved approximately by using a truncated Taylor's series for the exponential terms i.e. 
This is a valid approximation for smaller values of kT and km etc.
With the above approximation, the present value of the cost over the time horizon H is
and ( )
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Note that the purpose of this approximation is to obtain the unique closed form value for the optimal solution. By taking first and second order derivatives of Z 1 (n) and Z 2 (n) with respect to 'n', we obtain functions of n. Thus, there exists a unique value of 'n' which minimize Z 1 (n) and Z 2 (n). If we draw a curve between Z(n) and 'n', the curve is convex. At m = T = H/n, we find Z 1 (n) = Z 2 (n), we have
where Z 1 (n) and Z 2 (n) are as expressed in equations (14) and (15), respectively. Based on the above discussion, the following algorithm is developed to derive the optimal n, T, Q and Z(n) values.
ALGORITHM
Step 1:Start by choosing positive integer 'n', where n is equal or greater than one.
Step 2:If T = H/n ≥ m, for different 'n', then we determine Z 1 (n) from (14) , if T = H/n ≤ m, for different 'n', then determine Z 2 (n) from (15).
Step 3:Repeat step 1 and 2 for al possible values of n with T = H/n ≥ m until the minimum Z 1 (n) is found from (14) and let Table 1 . We find the case is the I optimal option in credit policy. The minimum total present value of costs is obtained when the number of replenishment 'n' is 18. With 18 replenishments, the optimal cycle time T is 0.277778 years, the optimal order quantity, Q = 166.666667 units, and the optimal total present value of costs, Z(n) = $ 35597.78 (approximately). 
SENSITIVITY ANALYSIS
Taking all the parameters as in the above numerical example, the variation of the optimal solution for different values of net discount rate of inflation k is given in Table 2 . An increase in the net discount rate of inflation 'k' leads to a decrease of total replenishment cost, in total purchasing cost, in total holding cost, in total interest payable, in total interest earned, and also a decrease in total present value of the costs C 1 , C 2 , A, I p , E 1 and
If the number of replenishment 'n' increases, then there is increase in total replenishment cost C 1 , but total purchasing cost C 2 , total holding cost 'A', total interest payable 'I p ' and total interest earned 'E 1 ' decreases, keeping net discount rate of inflation 'k' constant. 
CONCLUSION AND FUTURE RESEARCH
This study develops an inventory model for non-deteriorating and timedependent holding cost items over a finite planning horizon, when the supplier provides a permissible delay in payments. The model considers the effects of inflation and permissible delay in payments. The optimal solution procedure is given to obtain the optimal number of replenishment, cycle time and order quantity to minimize the total present value of costs. Numerical example is given to illustrate the model for case I and case II. The obtained results show that the case I is the optimal (minimum) option in credit policy. The minimum total present value of the costs is obtained when the number of replenishments n is 18. With 18 replenishments, the optimal (minimum) order quantity Q = 166.666667 units and the optimal (minimum) total present value of the costs Z = $ 35597.78 (approximately).
The model proposed in this paper can be extended in several ways. For instance, we may extend the time dependent deterioration rate. We could also consider the demand as a function of quantity as well as a function of inflation. Finally, we could generalize the model with stochastic demand when the supplier provides a permissible delay in payments and cash discount.
